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Orme et al. (2005)

Total 
Species

Threatened 
Species

Endemic 
Species



Photos by Andrés M. Cuervo



America (531 533 cell records for 2891 species). Finally, we

partitioned the species pool into subsets of species based on

their range size (first through fourth quartiles of ranked

ranges) and repeated all analyses for each quartile. See

electronic supplementary material for a detailed description

of statistical analysis.

3. RESULTS
When all species are considered together, the regressions
attribute substantial explanatory power to all six climatic
models (precipitation, temperature, NPP, species-energy,
water-energy and temperature-kinetics; 0.24#r2#0.46,
table 1, all quartiles column). Similar correlations between
climatic factors and species richness are typical of
continental studies conducted at comparable spatial
resolutions (18 or 28 latitude–longitude cells; Currie
1991; Rahbek & Graves 2001; Jetz & Rahbek 2002;
Hawkins et al. 2003; Currie et al. 2004; Ruggiero &
Kitzberger 2004; Kreft et al. 2006). At our scale of
analysis, the three models related to spatial heterogeneity
(surface area, ecosystem diversity and topographic relief)
and the pure geometric constraints model were less
successful than climate-based models in explaining
aggregate species richness (0.00#r2#0.27, table 1, all
quartiles column).

The predictive power of our climate-based models was
not sustained, however, when the species pool was
partitioned into quartiles of species’ geographical range
sizes (first quartile, smallest ranges; fourth quartile, largest
ranges). For the first three range-size quartiles (all but the
largest ranges), all models based on climate variables
(precipitation, temperature, NPP, species-energy, water-
energy and temperature-kinetics), as well as those based
on geometric constraints and surface area, failed completely
to predict endemic species richness (0.00#r2#0.05,
table 1; figure 2). Qualitatively, the same result is obtained
for simple regressions of observed species richness on raw
environmental variables (table 2 in the electronic supple-
mentary material), and for corresponding analyses of the
entire avifauna (nZ2891 species), which includes an
additional 643 non-endemic species whose ranges extend
beyond the boundaries of South America (tables 3 and 4 in
the electronic supplementary material). In contrast, fourth
quartile species (those with the largest ranges) yielded
strong correlations with the predictions of the climate
models (0.46#r2#0.74, table 1; figure 2) and with the
untransformed environmental variables (table 2 in the
electronic supplementary material), although the latter
yielded substantially poorer fits for fourth quartile species
than the corresponding range cohesion models.
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Figure 2. Spatial distribution of residuals (observed minus expected bird species richness) from range cohesion models. Results
are shown for subsets of endemic species partitioned into geographical range-size quartiles for the first (smallest ranges) and
fourth (largest ranges) quartiles for eight environmentally driven models. Note that the colour scale differs for the quartiles.

170 C. Rahbek et al. Large-scale patterns of species richness

Proc. R. Soc. B (2007)

Difficulty in Explaining Diversity and Endemism in the Andes

Rahbek et al. (2007)



America (531 533 cell records for 2891 species). Finally, we

partitioned the species pool into subsets of species based on

their range size (first through fourth quartiles of ranked

ranges) and repeated all analyses for each quartile. See

electronic supplementary material for a detailed description

of statistical analysis.

3. RESULTS
When all species are considered together, the regressions
attribute substantial explanatory power to all six climatic
models (precipitation, temperature, NPP, species-energy,
water-energy and temperature-kinetics; 0.24#r2#0.46,
table 1, all quartiles column). Similar correlations between
climatic factors and species richness are typical of
continental studies conducted at comparable spatial
resolutions (18 or 28 latitude–longitude cells; Currie
1991; Rahbek & Graves 2001; Jetz & Rahbek 2002;
Hawkins et al. 2003; Currie et al. 2004; Ruggiero &
Kitzberger 2004; Kreft et al. 2006). At our scale of
analysis, the three models related to spatial heterogeneity
(surface area, ecosystem diversity and topographic relief)
and the pure geometric constraints model were less
successful than climate-based models in explaining
aggregate species richness (0.00#r2#0.27, table 1, all
quartiles column).

The predictive power of our climate-based models was
not sustained, however, when the species pool was
partitioned into quartiles of species’ geographical range
sizes (first quartile, smallest ranges; fourth quartile, largest
ranges). For the first three range-size quartiles (all but the
largest ranges), all models based on climate variables
(precipitation, temperature, NPP, species-energy, water-
energy and temperature-kinetics), as well as those based
on geometric constraints and surface area, failed completely
to predict endemic species richness (0.00#r2#0.05,
table 1; figure 2). Qualitatively, the same result is obtained
for simple regressions of observed species richness on raw
environmental variables (table 2 in the electronic supple-
mentary material), and for corresponding analyses of the
entire avifauna (nZ2891 species), which includes an
additional 643 non-endemic species whose ranges extend
beyond the boundaries of South America (tables 3 and 4 in
the electronic supplementary material). In contrast, fourth
quartile species (those with the largest ranges) yielded
strong correlations with the predictions of the climate
models (0.46#r2#0.74, table 1; figure 2) and with the
untransformed environmental variables (table 2 in the
electronic supplementary material), although the latter
yielded substantially poorer fits for fourth quartile species
than the corresponding range cohesion models.

first quartile

sp
ec

ie
s-

en
er

gy

to
po

gr
ap

hi
c 

re
lie

f
ec

os
ys

te
m

 d
iv

er
si

ty
te

m
pe

ra
tu

re
pr

ec
ip

ita
tio

n

w
at

er
-e

ne
rg

y
te

m
pe

ra
tu

re
-k

in
et

ic
s

N
PP

first quartilefourth quartile fourth quartile

66

–66

66

–66

66

–66

66

–66

420

–420

420

–420

420

–420

420

–420

66

–66

66

–66

66

–66

66

–66

420

–420

420

–420

420

–420

420

–420

Figure 2. Spatial distribution of residuals (observed minus expected bird species richness) from range cohesion models. Results
are shown for subsets of endemic species partitioned into geographical range-size quartiles for the first (smallest ranges) and
fourth (largest ranges) quartiles for eight environmentally driven models. Note that the colour scale differs for the quartiles.
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Candida glaebosa

Candida insecta
mans

Candida lyx
osophila

Candida kru
isii

Candida tanzaw
aensis

Candida sa
ke

Candida austro
marina

Candida co
ipomoensis

Candida ergaste
nsis

Pich
ia angusta

Willio
psis

 sa
lico

rniae

Endomyce
s fi

buliger

Sacch
aromyco

psis 
fibuligera

Sacch
aromyco

psis 
capsularis

Kluyve
romyce

s n
onfermentati

Kluyve
romyce

s a
estu

arii

Kluyve
romyce

s m
arxia

nus

Kluyve
romyce

s la
ctis

Kluyve
romyce

s d
obzhanskii

Kluyve
romyce

s w
icke

rhamii

Holleya sin
ecauda

Zygosacch
aromyce

s m
ellis

Zygosacch
aromyce

s ro
uxii

Zygosacch
aromyce

s b
isporus

Zygosacch
aromyce

s le
ntus

Zygosacch
aromyce

s b
ailii

Arxio
zym

a telluris

Sacch
aromyce

s d
airensis

Sacch
aromyce

s se
rva

zzii

Sacch
aromyce

s u
nisporus

Sacch
aromyce

s tr
ansva

alensis

Zygosacch
aromyce

s m
rakii

Torulaspora globosa

Torulaspora delbrueckii

Torulaspora pretoriensis

Zygosacch
aromyce

s m
icro

ellipsoide

Candida colliculosa

Kazachstania viticola

Kluyve
romyce

s blattae

Kluyveromyces phaffii

Zygosacch
aromyce

s flo
rentinus

Candida glabrata

Kluyveromyces delphensis

Sacch
aromyce

s pastorianus

Saccharomyces cerevisiae

Sacch
aromyce

s ce
revisi

ae 2

Sacch
aromyce

s bayanus

Sacch
aromyce

s paradoxus

Kluyveromyces polysporus

Kluyveromyces yarrowii

Kluyve
romyce

s lo
dderae

Saccharomyces rosinii

Kluyveromyces africanus

Sacch
aromyce

s sp
encerorum

Saccharomyces exiguus

Saccharomyces barnettii

Saccharomyces castellii

Zygosacch
aromyce

s fe
rmentati

Saccharomyces kluyveri

Kluyveromyces thermotolerans

Kluyveromyces waltii

Saccharomycodes ludwigii

Hanseniaspora uvarum

Williopsis pratensis

Willio
psis californica

Starmera amethionina var pachy

Starmera amethionina var ameth

Starmera caribaea

Pichia anomala

Williopsis saturnus

Williopsis saturnus var mrakii

Williopsis mucosa

Pachysolen tannophilus

Candida chilensis

Candida cylindracea

Candida savonica

Candida mesenterica

Candida suecica

Phaffomyces antillensis

Phaffomyces opuntiae

Phaffomyces thermotolerans

Yarrowia lipolytica
Candida rugosa

Candida catenulata

Candida pseudointermedia

Candida intermedia

Candida akabanensis

Candida oregonensis

Candida haemulonii

Candida tsuchiyae

Clavispora lusitaniae

Candida melibiosica
Candida torresii

Metschnikowia bicuspidata
Candida agrestis

Metschnikowia reukaufii

Metschnikowia pulcherrima
Candida mogii

Brettanomyces bruxellensis

Dekkera bruxellensis
Dekkera anomala

Brettanomyces anomalus

Dekkera custersiana

Dekkera naardenensis

Candida insectalens
Candida silvatica

Issatchenkia orientalis

Pichia membranaefaciens

Candida spandovensis
Candida apicola
Candida bombi

Starmerella bombicola

Candida geochares
Candida vaccinii

Endomyces geotrichum

Galactomyces geotrichum
Dipodascus albidus

Candida chiropterorum
Candida valdiviana
Candida drimydis

Waltomyces lipofer

Dipodascopsis uninucleata

Protomyces macrosporus

Protomyces pachydermus
Protomyces inouyei

Protomyces lactucae
Taphrina virginica
Taphrina carnea

Taphrina pruni subcordatae
Taphrina mirabilisTaphrina nana

Taphrina pruni
Taphrina ulmi

Taphrina communis
Taphrina flavorubra
Taphrina populina

Taphrina deformans
Taphrina wiesneri

Taphrina robinsoniana
Taphrina letifera

Neolecta vitellina
Neolecta irregularis

Saitoella complicata

Schizosaccharomyces pombe

Schizosaccharomyces japonicus
Pneumocystis carinii

Calicium tricolor
Taphrina maculans

Taphrina californica
Chytridium confervae

Neocallimastix frontalis
Neocallimastix joyonii
Piromonas communis

Spizellomyces acuminatus

Allomyces macrogynus

Blastocladiella emersonii
Chrysops niger

Drosophila melanogaster
Ceratitis capitata
Ornithoica vicina

Nephrotoma altissima
Lutzomyia shannoni

Aedes albopictusAedes aegyptiAedes punctor

Toxorhynchites ambionensis
Culex tritaeniorhynchus

Anopheles psuedopunctipennis
Anopheles albimanus

Eucorethra underwoodiDixella cornuta
Culicoides variipennis

Amblabesmia rhamphe
Simulium vittatumXenos vesparumStylops melittae

Mengenilla chobauti
Galleria mellonella

Archaeopsylla erinacei
Panorpa germanica

Anisochrysa carneaOliarces clara
Monolobus ovalipennis

Antarctonomus complanatusLoricera foveata
Loricera pilicornis pilicornis

Amarotypus edwardsi
Bembidion mexicanum

Bembidion levettei carrianumAsaphidion curtumDiplous californicusPatrobus longicornisPericompsus laetulusDiplochaetus planatusZolus helmsi
Merizodus angusticollisSloaneana tasmaniaeBatesiana hilarisSchizogenius falliClivina ferreaDyschirius sphaericollisMelisodera picipennisMecyclothorax vulcansAmblytelus curtusApotomus rufithoraxBroscosoma relictumCreobius eydouxiGalerita lecontei leconteiPseudaptinus rufulusAptinus displosorPterostichus melanariusTetragonoderus latipennisDiscoderus cordicollisChlaenius ruficaudaCalybe laetulaAmara apricariaAgonum extensicolleCymindis punctigeraLoxandrus n sp nr amplithoraCnemalobus sulciferusCatapiesis brasiliensisMorion aridusBrachinus armigerBrachinus hirsutusPheropsophus aequinoctialisPasimachus atronitensScarites subterraneusCarenum interruptumSiagona europaeaSiagona jennisoniClinidium calcaratumOmoglymmius hamatusOmus californicusCicindela sedecimpunctataMetrius contractusPachyteles striolaCymbionotum semelederiCymbionotum pictulumGehringia olympicaPromecognathus crassusLaccocenus ambiguusOmophron obliteratum

Psydrus piceusCeroglossus chilensisPamborus gueriniiCalosoma scrutatorCarabus nemoralisScaphinotus petersi catalinae
Cychrus italicusOpisthius richardsoniLeistus ferruginosusNebria hudsonicaNotiophilus semiopacusTrachypachus gibbsiiTrachypachus holmbergiSystolosoma lateritiumElaphrus californicus

Elaphrus clairvilleiBlethisa multipunctata aurata
Mecodema fulgidum

Oregus aereus
Suphis inflatusCopelatus chevrolati renovatusHydroscapha natans

Xanthopyga cacti
Dynastes granti
Tenebrio molitor

Meloe proscarabaeus
Clambus arnetti

Phaeostigma notata
Leptothorax acervorum

Polistes dominulus
Graphosoma lineatum
Raphigaster nebulosa

Lygus hesperus
Hemiowoodwardia wilsoni

Hackeriella veitchi
Spissistilus festinus
Prokelisia marginata
Philaenus spumarius
Okanagana utahensis

Trioza eugeniae
Pealius kelloggii

Acyrthosiphon pisum
Aonidiella aurantii

Batrachideidae gen sp
Carausius morosus
Acheta domesticus
Mesoperlina pecircai

Aeschna cyanea
Lepisma saccharina

Lepidocyrtus paradoxus
Crossodonthina koreana

Hypogastrura dolsana
Podura aquatica

Theatops erythrocephala
Scolopendra cingulata

Cryptops trisulcatus

Craterostigmus tasmanianus
Lithobius variegatus

Scutigera coleoptrata

Pseudohimantarium mediterraneum
Clinopodes poseidonis
Cylindroiulus punctatus
Polydesmus coriaceus

Rhipicephalus appendiculatus

Hyalomma lusitanicum

Hyalomma rufipes
Hyalomma dromedarii

Rhipicephalus sanguineus
Boophilus microplus

Rhipicephalus zambeziensis

Rhipicephalus bursa

Boophilus annulatus

Rhipicephalus pusillus

Dermacentor andersoni

Dermacentor marginatus

Amblyomma triguttatum triguttat

Amblyomma vikirri

Aponomma fimbriatum

Aponomma latum

Amblyomma variegatum

Amblyomma tuberculatum

Amblyomma americanum

Amblyomma maculatum

Haemaphysalis inermis

Haemaphysalis punctata

Haemaphysalis leporispalustris

Haemaphysalis humerosa

Haemaphysalis petrogalis

Haemaphysalis leachi

Aponomma undatum

Aponomma concolor

Ixodes auritulus
Ixodes ricinus

Ixodes affinis

Ixodes pilosus

Ixodes cookei

Ixodes simplex simplex

Ixodes kopsteini

Ixodes holocyclus

Carios puertoricensis

Ornithodoros moubata

Ornithodoros coriaceus

Otobius megnini

Argas lahorensis

Argas persicus

Megisthanus floridanus

Cosmolaelaps trifidus

Hypochthonius rufulus

Lohmannia banksi

Nothrus sylvestris

Xenillus tegeocranus

Euzetes globulosus

Allonothrus russeolus

Archegozetes longisetosus

Trhypochthonius tectorum

Nehypochthonius porosus

Steganacarus magnus

Gehypochthonius urticinus

Chortoglyphus arcuatus

Acarus siro

Eusimonia wunderlichi

Androctonus australis

Liphistius bicoloripes

Eurypelma californica

Odiellus troguloides

Pseudocellus pearsei

Limulus polyphemus

Callipallene gen sp

Berndtia purpurea

Trypetesa lampas

Octolasmis lowei

Paralepas palinuri

Lepas anatifera

Balanus eburneus

Chelonibia patula

Tetraclita stalactifera

Chthamalus fragilis

Verruca spengleri

Ibla cumingi

Calantica villosa

Loxothylacus texanus

Dendrogaster asterinae

Ulophysema oeresundense

Palaemonetes kadiakensis

Helice tridens

Philyra pisum

Callinectes sapidus

Pugettia quadridens

Raninoides louisianensis

Procambarus leonensis

Astacus astacus

Nephrops norvegicus

Panulirus argus

Oedignathus inermis

Penaeus aztecus

Stenopus hispidus

Artemia salina

Branchinecta packardi

Daphnia pulex

Bosmina longirostris

Daphnia galeata

Stenocypris major

Argulus nobilis

Porocephalus crotali

Milnesium tardigradum

Macrobiotus hufelandi

Thulinia stephaniae

Echiniscus viridissimus

Euperipatoides leuckarti

Priapulus caudatus

Pycnophyes kielensis

Helix aspersa

Balea biplicata

Limicolaria kambeul

Laevicaulis alte

Onchidella celtica

Siphonaria algesirae

Anthosiphonaria sirius

Lymnaea glabra

Stagnicola palustris

Lymnaea stagnalis

Radix peregra

Lymnaea auricularia

Fossaria truncatula

Bakerilymnaea cubensis

Biomphalaria glabrata

Littorina obtusata

Littorina littorea

Fasciolaria lignaria

Nassarius singuinjorensis

Pisania striata

Reishia bronni

Thais clavigera

Rapana venosa

Bursa rana

Monodonta labio

Antalis vulgaris

Scutopus ventrolineatus

Arctica islandica

Mercenaria mercenaria

Spisula subtruncata

Mulinia lateralis

Spisula solida

Spisula solidissima

Tresus nuttali

Tresus capax

Mactromeris polynyma

Hippopus hippopus

Hippopus porcellanus

Tridacna squamosa

Tridacna crocea

Tridacna maxima

Tridacna derasa

Tridacna gigas

Vasticardium flavum

Fulvia mutica

Fragum unedo

Fragum fragum

Corculum cardissa

Galeomma takii

Ostrea edulis

Crassostrea virginica

Nerita albicilla

Mytilus edulis

Mytilus trossulus

Mytilus galloprovincialis

Mytilus californianus

Geukensia demissa

Mimachlamys varia

Chlamys hastata

Crassadoma gigantea

Pecten maximus

Argopecten gibbus

Argopecten irradians

Placopecten magellanicus

Chlamys islandica

Atrina pectinata

Arca noae

Barbatia virescens

Acanthopleura japonica

Lepidochitona corrugata

Lepidozona coreanica

Eohemithyris grayii

Platidia anomioides

Stenosarina crosnieri

Gryphus vitreus

Thecidellina blochmanii

Cancellothyris hedleyi

Terebratulina retusa

Liothyrella neozelanica

Liothyrella uva

Gwynia capsula

Calloria inconspicua

Gyrothyris mawsoni

Neothyris parva

Terebratalia transversa

Macandrevia cranium

Fallax neocaledonensis

Laqueus californianus

Megerlia truncata

Terebratella sanguinea

Notosaria nigricans

Hemithyris psittaceae

Neocrania anomala

Neocrania huttoni

Discina striata

Glottidia pyramidata

Lingula lingua

Lingula anatina

Phoronis architecta

Phoronis psammophila

Phoronis vancouverensis

Alboglossiphonia heteroclita

Hirudo medicinalis

Haemopis sanguisuga

Barbronia weberi

Eisenia fetida

Lumbricus rubellus

Dero digitata

Xironogiton victoriensis

Sathodrilus attenuatus

Nereis virens

Aphrodita aculeata

Nereis limbata

Capitella capitata

Harmothoe impar

Sabella pavonina

Magelona mirabilis

Scoloplos armiger

Polydora ciliata

Pygospio elegans

Lanice conchilega

Nephtys hombergii

Glycera americana

Dodecaceria concharum

Chaetopterus variopedatus

Siboglinum fiordicum

Ridgeia piscesae

Ochetostoma erythrogrammon

Pedicellina cernua

Barentsia hildegardae

Barentsia benedeni

Symbion pandora

Plumatella repens

Alcyonidium gelatinosum

Porania pulvillus

Asterias amurensis

Astropecten irregularis

Stomopneustes variolaris

Mespilia globulus

Temnopleurus hardwickii

Salmacis sphaeroides

Tripneustes gratilla

Ophiopholis aculeta

Strongylocentrotus intermedius

Colobocentrotus atratus

Echinus esculentus

Sphaerechinus granularis

Psammechinus miliaris

Diadema setosum

Centrostephanus coronatus

Eucidaris tribuloides

Fellaster zelandiae

Cassidulus mitis

Echinodiscus bisperforatus

Encope aberrans

Echinocardium cordatum

Brissopsis lyrifera

Meoma ventricosa

Arbacia lixula

Asthenosoma owstoni

Psychropotes longicauda

Cucumaria sykion

Lipotrapeza vestiens

Stichopus japonicus

Ophiocanops fugiens

Amphipholis squamata

Strongylocentrotus purpuratus

Ophiomyxa brevirima

Ophioplocus japonicus

Astrobrachion constrictum

Antedon serrata

Endoxocrinus parrae

Eptatretus stouti

Myxine glutinosa atlantic hagfis

Petromyzon marinus

Lampetra aepyptera

Plethodon yonhalossee

Amphiuma tridactylum

Siren intermedia

Ambystoma mexicanum

Eleutherodactylus cuneatus

Hyla cinerea

Bufo valliceps

Nesomantis thomasseti

Gastrophryne carolinensis

Xenopus laevis

Scaphiopus holbrooki

Discoglossus pictus

Grandisonia alternans

Hypogeophis rostratus

Ichthyophis bannanicus

Typhlonectes natans

Homo sapiens

Mus musculus

Rattus norvegicus

Oryctolagus cuniculus

Alligator mississippiensis

Turdus migratorius

Gallus gallus

Heterodon platyrhinos

Sceloporus undulatus

Sphenodon punctatus

Pseudemys scripta

Latimeria chalumnae

Elops hawaiiensis

Megalops atlanticus

Ophichthus rex

Echiophis punctifer

Hiodon alosoides

Albula vulpes

Salmo trutta

Oncorhynchus kisutch

Cyprinus carpio

Ictalurus punctatus

Clupea harengus

Fundulus heteroclitus

Amia calva

Lepisosteus osseus

Polyodon spathula

Sebastolobus altivelis

Rhinobatos lentiginosus

Echinorhinus cookei

Squalus acanthias

Notorynchus cepedianus

Branchiostoma floridae

Halocynthia roretzi

Styela plicata

Herdmania momus

Oikopleura dioica

Doliolum nationalis

Thalia democratica

Pyrosoma atlanticum

Ciona intestinalis

Saccoglossus kowalevskii

Balanoglossus carnosus

Dicyema acuticephalum

Dicyema orientale

Sagitta elegans

Sagitta crassa

Paraspadella gotoi

Phascolosoma granulatum

Prostoma eilhardi

Haplogonaria syltensis

Atriofonta polyvacuola

Actinoposthia beklemischevi

Aphanastoma virescens

Convoluta pulchra

Anaperus tvaerminnensis

Symsagittifera psammophila

Convoluta roscoffensis

Convoluta naikaiensis

Anaperus biaculeatus

Paedomecynostomum bruneum

Postmecynostomum pictum

Childia groenlandica

Philomecynostomum lapillum

Simplicomorpha gigantorhabditis

Paratomella rubra

Dugesia subtentaculata

Dugesia ryukyuensis

Girardia tigrina

Microplana scharfii

Caenoplana caerulea

Australoplana sanguinea

Arthiopostia triangulata

Dugesia japonica

Dugesia iberica

Dugesia mediterranea

Dugesia polychroa

Cura pinguis

Neppia montana

Microplana nana

Bipalium
 kewense

Platydemus m
anokwari

Artioposthia triangulata

Dendrocoelopsis lactea

Crenobia alpina

Polycelis nigra

Phagocata ullala

Ectoplana limuli

Bipalium
 trilineatum

Heronim
us m

ollis

Prosorhynchoides gracilescens

Stephanostomum
 baccatum

Zalophotrem
a hepaticum

Nasitrem
a globicephalae

Tetracerasta blepta

Fasciola gigantica

Dicrocoelium
 dendriticum

Fasciola hepatica

Fasciolopsis buski

Echinostom
a caproni

Opisthorchis viverrini

Calicophoron calicophorum

Schistosom
a japonicum

Schistosom
a m

ansoni

Schistosom
a spindale

Schistosom
a haem

atobium

M
ulticotyle purvisi

Lobatostom
a m

anteri

Zeuxapta seriolae

Plectanocotyle gurnardi

Diclidophora denticulata

Kuhnia scom
bri

Bivagina pagrosom
i

Neom
icrocotyle pacifica

Pseudohexabothrium
 taeniurae

Neopolystom
a spratti

Polystom
oides m

alayi

Grillotia erinaceus

Abothrium
 gadi

Bothriocephalus scorpii

Proteocephalus exiguus

Gyrocotyle urna

Dictyocotyle coeliaca

Calicotyle affinis

Troglocephalus rhinobatidis

Leptocotyle m
inor

Pseudom
urraytrem

a ardens

G
yrodactylus salaris

Udonella caligorum

Encotyllabe chironem
i

Bothrom
esostom

a personatum

Plagiostom
um

 cinctum

Plagiostom
um

 striatum

Plicastom
a cuticulata

Vorticeros ijim
ai

Plagiostom
um

 vittatum

Plagiostom
um

 ochroleucum

Pseudostom
um

 klosterm
anni

Pseudostom
um

 quadrioculatum

Cylindrostom
a fingalianum

Cylindrostom
a gracilis

Pseudostom
um

 gracilis

Ulianinia m
ollissim

a

Reisingeria hexaoculata

Urastom
a cyprinae

Archiloa rivularis

Nem
ertinoides elongatus

Planocera m
ultitentaculata

Notoplana koreana

Notoplana australis

Discocelis tigrina

Pseudoceros tritriatus

Thysanozoon brocchii

G
eocentrophora sphyrocephala

G
eocentrophora baltica

M
icrostom

um
 lineare

M
acrostom

um
 tuba

Stenostom
um

 leucops aquariorum

Stenostom
um

 leucops

Eubostrichus parasitiferus

Eubostrichus topiarius

Eubostrichus dianae

Chrom
adoropsis vivipara

Desm
odora ovigera

Laxus oneistus

Laxus cosm
opolitus

Stilbonem
a m

ajum

Robbea hyperm
nestra

Acanthopharynx m
icans

Plectus aquatilis

Plectus acum
inatus

Cruznem
a tripartitum

R
habditella axei

Pellioditis typica

R
habditis blum

i

R
habditis m

yriophila

Haem
onchus placei

H
aem

onchus sim
ilis

Haem
onchus contortus

Nem
atodirus battus

O
stertagia ostertagi

N
ippostrongylus brasiliensis

Syngam
us trachea

Heterorhabditis bacteriophora

Caenorhabditis briggsae

Caenorhabditis elegans

C
aenorhabditis vulgaris

Pelodera strongyloides

Panagrellus redivivus

Teratorhabditis palm
arum

Aduncospiculum
 halicti

Pristionchus lheritieri

D
iplogaster lethieri

Strongyloides stercoralis

Strongyloides ratti

Steinernem
a carpocapsae

Zeldia punctata

C
ephalobus oryzae

M
eloidogyne arenaria

G
lobodera pallida

Aphelenchus avenae

Pseudoterranova decipiens

Terranova caballeroi

Toxocara canis

C
ontracaecum

 m
ultipapillatum

Baylisascaris transfuga
Ascaris suum

Parascaris equorum

Ascaris lum
bricoides

Baylisascaris procyonis

Toxascaris leonina

Porrocaecum
 depressum

G
oezia pelagia

Iheringascaris inquies

H
ysterothylacium

 pelagicum

H
ysterothylacium

 fortalezae

H
ysterothylacium

 reliquens

H
eterocheilus tunicatus

C
ruzia am

ericana

Brum
ptaem

ilius justini
Brugia m

alayi

D
irofilaria im

m
itis

G
nathostom

a neoprocyonis

G
nathostom

a binucleatum

G
nathostom

a turgidum

Teratocephalus lirellus

D
aptonem

a procerus

D
iplolaim

elloides m
eyli

Paracanthonchus caecus

Pontonem
a vulgare

Enoplus brevis

Enoplus m
eridionalis

Prism
atolaim

us interm
edius

Paratrichodorus anem
ones

Paratrichodorus pachyderm
us

Trichodorus prim
itivus

M
erm

is nigrescens

M
ylonchulus arenicolus

Xiphinem
a rivesi

Longidorus elongatus
Trichuris m

uris

Trichinella spiralis
G

ordius aquaticus

G
ordius albopunctatus

C
hordodes m

organi

R
hopalura ophiocom

ae

Echinorhynchus gadi

Polym
orphus altm

ani

C
orynosom

a enhydri

C
entrorhynchus conspectus

Plagiorhynchus cylindraceus

Pom
phorhynchus bulbocoli

Leptorhynchoides thecatus

N
eoechinorhynchus crassus

N
eoechinorhynchus pseudem

ydis

M
acracanthorhynchus ingens

M
oliniform

is m
oliniform

is

M
ediorhynchus grandis

P
hilodina acuticornis

B
rachionus plicatilis

Lepidoderm
ella squam

m
ata

G
nathostom

ula paradoxa
Trichoplax adhaerens

H
aliplanella lucia
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Candida natalensis

Can
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a fr
ag
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Candida psyc
hrophila

Candida glucosophila

Candida xe
sto
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Candida fu
kuyamaensis
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Pich
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Candida so
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Candida dublin
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Candida maltosa

Candida vis
wanathii

Candida lodderae

Candida parapsilo
sis

Lodderomyce
s e

longisp
orus

Candida sh
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Candida palmioleophila

Candida flu
via

tilis

Candida sa
itoana

Candida pseudoglaebosa

Candida glaebosa

Candida insecta
mans

Candida lyx
osophila

Candida kru
isii

Candida tanzaw
aensis

Candida sa
ke

Candida austro
marina

Candida co
ipomoensis

Candida ergaste
nsis

Pich
ia angusta
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s m
ellis

Zygosacch
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uxii

Zygosacch
aromyce

s b
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ntus

Zygosacch
aromyce

s b
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Sacch
aromyce

s d
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s u
nisporus
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alensis
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s m
rakii

Torulaspora globosa

Torulaspora delbrueckii

Torulaspora pretoriensis

Zygosacch
aromyce

s m
icro

ellipsoide

Candida colliculosa

Kazachstania viticola

Kluyve
romyce

s blattae

Kluyveromyces phaffii

Zygosacch
aromyce

s flo
rentinus

Candida glabrata

Kluyveromyces delphensis

Sacch
aromyce

s pastorianus

Saccharomyces cerevisiae

Sacch
aromyce

s ce
revisi

ae 2

Sacch
aromyce

s bayanus

Sacch
aromyce

s paradoxus

Kluyveromyces polysporus

Kluyveromyces yarrowii

Kluyveromyces lodderae

Saccharomyces rosinii

Kluyveromyces africanus

Sacch
aromyce

s sp
encerorum

Saccharomyces exiguus

Saccharomyces barnettii

Saccharomyces castellii

Zygosacch
aromyce

s fe
rmentati

Saccharomyces kluyveri

Kluyveromyces thermotolerans

Kluyveromyces waltii

Saccharomycodes ludwigii

Hanseniaspora uvarum

Williopsis pratensis

Willio
psis californica

Starmera amethionina var pachy

Starmera amethionina var ameth

Starmera caribaea

Pichia anomala

Williopsis saturnus

Williopsis saturnus var mrakii

Williopsis mucosa

Pachysolen tannophilus

Candida chilensis

Candida cylindracea

Candida savonica

Candida mesenterica

Candida suecica

Phaffomyces antillensis

Phaffomyces opuntiae

Phaffomyces thermotolerans

Yarrowia lipolytica
Candida rugosa

Candida catenulata

Candida pseudointermedia

Candida intermedia

Candida akabanensis

Candida oregonensis

Candida haemulonii

Candida tsuchiyae

Clavispora lusitaniae

Candida melibiosica
Candida torresii

Metschnikowia bicuspidata
Candida agrestis

Metschnikowia reukaufii

Metschnikowia pulcherrima
Candida mogii

Brettanomyces bruxellensis

Dekkera bruxellensis
Dekkera anomala

Brettanomyces anomalus

Dekkera custersiana

Dekkera naardenensis

Candida insectalens
Candida silvatica

Issatchenkia orientalis

Pichia membranaefaciens

Candida spandovensis
Candida apicola
Candida bombi

Starmerella bombicola

Candida geochares
Candida vaccinii

Endomyces geotrichum

Galactomyces geotrichum
Dipodascus albidus

Candida chiropterorum
Candida valdiviana
Candida drimydis

Waltomyces lipofer

Dipodascopsis uninucleata

Protomyces macrosporus

Protomyces pachydermus
Protomyces inouyei

Protomyces lactucae
Taphrina virginica
Taphrina carnea

Taphrina pruni subcordatae
Taphrina mirabilisTaphrina nana

Taphrina pruni
Taphrina ulmi

Taphrina communis
Taphrina flavorubra
Taphrina populina

Taphrina deformans
Taphrina wiesneri

Taphrina robinsoniana
Taphrina letifera

Neolecta vitellina
Neolecta irregularis

Saitoella complicata

Schizosaccharomyces pombe

Schizosaccharomyces japonicus
Pneumocystis carinii

Calicium tricolor
Taphrina maculans

Taphrina californica
Chytridium confervae

Neocallimastix frontalis
Neocallimastix joyonii
Piromonas communis

Spizellomyces acuminatus

Allomyces macrogynus

Blastocladiella emersonii
Chrysops niger

Drosophila melanogaster
Ceratitis capitata
Ornithoica vicina

Nephrotoma altissima
Lutzomyia shannoni

Aedes albopictusAedes aegyptiAedes punctor

Toxorhynchites ambionensis
Culex tritaeniorhynchus

Anopheles psuedopunctipennis
Anopheles albimanus

Eucorethra underwoodiDixella cornuta
Culicoides variipennis

Amblabesmia rhamphe
Simulium vittatumXenos vesparumStylops melittae

Mengenilla chobauti
Galleria mellonella

Archaeopsylla erinacei
Panorpa germanica

Anisochrysa carneaOliarces clara
Monolobus ovalipennis

Antarctonomus complanatusLoricera foveata
Loricera pilicornis pilicornis

Amarotypus edwardsi
Bembidion mexicanum

Bembidion levettei carrianumAsaphidion curtumDiplous californicusPatrobus longicornisPericompsus laetulusDiplochaetus planatusZolus helmsi
Merizodus angusticollisSloaneana tasmaniaeBatesiana hilarisSchizogenius falliClivina ferreaDyschirius sphaericollisMelisodera picipennisMecyclothorax vulcansAmblytelus curtusApotomus rufithoraxBroscosoma relictumCreobius eydouxiGalerita lecontei leconteiPseudaptinus rufulusAptinus displosorPterostichus melanariusTetragonoderus latipennisDiscoderus cordicollisChlaenius ruficaudaCalybe laetulaAmara apricariaAgonum extensicolleCymindis punctigeraLoxandrus n sp nr amplithoraCnemalobus sulciferusCatapiesis brasiliensisMorion aridusBrachinus armigerBrachinus hirsutusPheropsophus aequinoctialisPasimachus atronitensScarites subterraneusCarenum interruptumSiagona europaeaSiagona jennisoniClinidium calcaratumOmoglymmius hamatusOmus californicusCicindela sedecimpunctataMetrius contractusPachyteles striolaCymbionotum semelederiCymbionotum pictulumGehringia olympicaPromecognathus crassusLaccocenus ambiguusOmophron obliteratum

Psydrus piceusCeroglossus chilensisPamborus gueriniiCalosoma scrutatorCarabus nemoralisScaphinotus petersi catalinae
Cychrus italicusOpisthius richardsoniLeistus ferruginosusNebria hudsonicaNotiophilus semiopacusTrachypachus gibbsiiTrachypachus holmbergiSystolosoma lateritiumElaphrus californicus

Elaphrus clairvilleiBlethisa multipunctata aurata
Mecodema fulgidum

Oregus aereus
Suphis inflatusCopelatus chevrolati renovatusHydroscapha natans

Xanthopyga cacti
Dynastes granti
Tenebrio molitor

Meloe proscarabaeus
Clambus arnetti

Phaeostigma notata
Leptothorax acervorum

Polistes dominulus
Graphosoma lineatum
Raphigaster nebulosa

Lygus hesperus
Hemiowoodwardia wilsoni

Hackeriella veitchi
Spissistilus festinus
Prokelisia marginata
Philaenus spumarius
Okanagana utahensis

Trioza eugeniae
Pealius kelloggii

Acyrthosiphon pisum
Aonidiella aurantii

Batrachideidae gen sp
Carausius morosus
Acheta domesticus
Mesoperlina pecircai

Aeschna cyanea
Lepisma saccharina

Lepidocyrtus paradoxus
Crossodonthina koreana

Hypogastrura dolsana
Podura aquatica

Theatops erythrocephala
Scolopendra cingulata

Cryptops trisulcatus

Craterostigmus tasmanianus
Lithobius variegatus

Scutigera coleoptrata

Pseudohimantarium mediterraneum
Clinopodes poseidonis
Cylindroiulus punctatus
Polydesmus coriaceus

Rhipicephalus appendiculatus

Hyalomma lusitanicum

Hyalomma rufipes
Hyalomma dromedarii

Rhipicephalus sanguineus
Boophilus microplus

Rhipicephalus zambeziensis

Rhipicephalus bursa

Boophilus annulatus

Rhipicephalus pusillus

Dermacentor andersoni

Dermacentor marginatus

Amblyomma triguttatum triguttat

Amblyomma vikirri

Aponomma fimbriatum

Aponomma latum

Amblyomma variegatum

Amblyomma tuberculatum

Amblyomma americanum

Amblyomma maculatum

Haemaphysalis inermis

Haemaphysalis punctata

Haemaphysalis leporispalustris

Haemaphysalis humerosa

Haemaphysalis petrogalis

Haemaphysalis leachi

Aponomma undatum

Aponomma concolor

Ixodes auritulus
Ixodes ricinus

Ixodes affinis

Ixodes pilosus

Ixodes cookei

Ixodes simplex simplex

Ixodes kopsteini

Ixodes holocyclus

Carios puertoricensis

Ornithodoros moubata

Ornithodoros coriaceus

Otobius megnini

Argas lahorensis

Argas persicus

Megisthanus floridanus

Cosmolaelaps trifidus

Hypochthonius rufulus

Lohmannia banksi

Nothrus sylvestris

Xenillus tegeocranus

Euzetes globulosus

Allonothrus russeolus

Archegozetes longisetosus

Trhypochthonius tectorum

Nehypochthonius porosus

Steganacarus magnus

Gehypochthonius urticinus

Chortoglyphus arcuatus

Acarus siro

Eusimonia wunderlichi

Androctonus australis

Liphistius bicoloripes

Eurypelma californica

Odiellus troguloides

Pseudocellus pearsei

Limulus polyphemus

Callipallene gen sp

Berndtia purpurea

Trypetesa lampas

Octolasmis lowei

Paralepas palinuri

Lepas anatifera

Balanus eburneus

Chelonibia patula

Tetraclita stalactifera

Chthamalus fragilis

Verruca spengleri

Ibla cumingi

Calantica villosa

Loxothylacus texanus

Dendrogaster asterinae

Ulophysema oeresundense

Palaemonetes kadiakensis

Helice tridens

Philyra pisum

Callinectes sapidus

Pugettia quadridens

Raninoides louisianensis

Procambarus leonensis

Astacus astacus

Nephrops norvegicus

Panulirus argus

Oedignathus inermis

Penaeus aztecus

Stenopus hispidus

Artemia salina

Branchinecta packardi

Daphnia pulex

Bosmina longirostris

Daphnia galeata

Stenocypris major

Argulus nobilis

Porocephalus crotali

Milnesium tardigradum

Macrobiotus hufelandi

Thulinia stephaniae

Echiniscus viridissimus

Euperipatoides leuckarti

Priapulus caudatus

Pycnophyes kielensis

Helix aspersa

Balea biplicata

Limicolaria kambeul

Laevicaulis alte

Onchidella celtica

Siphonaria algesirae

Anthosiphonaria sirius

Lymnaea glabra

Stagnicola palustris

Lymnaea stagnalis

Radix peregra

Lymnaea auricularia

Fossaria truncatula

Bakerilymnaea cubensis

Biomphalaria glabrata

Littorina obtusata

Littorina littorea

Fasciolaria lignaria

Nassarius singuinjorensis

Pisania striata

Reishia bronni

Thais clavigera

Rapana venosa

Bursa rana

Monodonta labio

Antalis vulgaris

Scutopus ventrolineatus

Arctica islandica

Mercenaria mercenaria

Spisula subtruncata

Mulinia lateralis

Spisula solida

Spisula solidissima

Tresus nuttali

Tresus capax

Mactromeris polynyma

Hippopus hippopus

Hippopus porcellanus

Tridacna squamosa

Tridacna crocea

Tridacna maxima

Tridacna derasa

Tridacna gigas

Vasticardium flavum

Fulvia mutica

Fragum unedo

Fragum fragum

Corculum cardissa

Galeomma takii

Ostrea edulis

Crassostrea virginica

Nerita albicilla

Mytilus edulis

Mytilus trossulus

Mytilus galloprovincialis

Mytilus californianus

Geukensia demissa

Mimachlamys varia

Chlamys hastata

Crassadoma gigantea

Pecten maximus

Argopecten gibbus

Argopecten irradians

Placopecten magellanicus

Chlamys islandica

Atrina pectinata

Arca noae

Barbatia virescens

Acanthopleura japonica

Lepidochitona corrugata

Lepidozona coreanica

Eohemithyris grayii

Platidia anomioides

Stenosarina crosnieri

Gryphus vitreus

Thecidellina blochmanii

Cancellothyris hedleyi

Terebratulina retusa

Liothyrella neozelanica

Liothyrella uva

Gwynia capsula

Calloria inconspicua

Gyrothyris mawsoni

Neothyris parva

Terebratalia transversa

Macandrevia cranium

Fallax neocaledonensis

Laqueus californianus

Megerlia truncata

Terebratella sanguinea

Notosaria nigricans

Hemithyris psittaceae

Neocrania anomala

Neocrania huttoni

Discina striata

Glottidia pyramidata

Lingula lingua

Lingula anatina

Phoronis architecta

Phoronis psammophila

Phoronis vancouverensis

Alboglossiphonia heteroclita

Hirudo medicinalis

Haemopis sanguisuga

Barbronia weberi

Eisenia fetida

Lumbricus rubellus

Dero digitata

Xironogiton victoriensis

Sathodrilus attenuatus

Nereis virens

Aphrodita aculeata

Nereis limbata

Capitella capitata

Harmothoe impar

Sabella pavonina

Magelona mirabilis

Scoloplos armiger

Polydora ciliata

Pygospio elegans

Lanice conchilega

Nephtys hombergii

Glycera americana

Dodecaceria concharum

Chaetopterus variopedatus

Siboglinum fiordicum

Ridgeia piscesae

Ochetostoma erythrogrammon

Pedicellina cernua

Barentsia hildegardae

Barentsia benedeni

Symbion pandora

Plumatella repens

Alcyonidium gelatinosum

Porania pulvillus

Asterias amurensis

Astropecten irregularis

Stomopneustes variolaris

Mespilia globulus

Temnopleurus hardwickii

Salmacis sphaeroides

Tripneustes gratilla

Ophiopholis aculeta

Strongylocentrotus intermedius

Colobocentrotus atratus

Echinus esculentus

Sphaerechinus granularis

Psammechinus miliaris

Diadema setosum

Centrostephanus coronatus

Eucidaris tribuloides

Fellaster zelandiae

Cassidulus mitis

Echinodiscus bisperforatus

Encope aberrans

Echinocardium cordatum

Brissopsis lyrifera

Meoma ventricosa

Arbacia lixula

Asthenosoma owstoni

Psychropotes longicauda

Cucumaria sykion

Lipotrapeza vestiens

Stichopus japonicus

Ophiocanops fugiens

Amphipholis squamata

Strongylocentrotus purpuratus

Ophiomyxa brevirima

Ophioplocus japonicus

Astrobrachion constrictum

Antedon serrata

Endoxocrinus parrae

Eptatretus stouti

Myxine glutinosa atlantic hagfis

Petromyzon marinus

Lampetra aepyptera

Plethodon yonhalossee

Amphiuma tridactylum

Siren intermedia

Ambystoma mexicanum

Eleutherodactylus cuneatus

Hyla cinerea

Bufo valliceps

Nesomantis thomasseti

Gastrophryne carolinensis

Xenopus laevis

Scaphiopus holbrooki

Discoglossus pictus

Grandisonia alternans

Hypogeophis rostratus

Ichthyophis bannanicus

Typhlonectes natans

Homo sapiens

Mus musculus

Rattus norvegicus

Oryctolagus cuniculus

Alligator mississippiensis

Turdus migratorius

Gallus gallus

Heterodon platyrhinos

Sceloporus undulatus

Sphenodon punctatus

Pseudemys scripta

Latimeria chalumnae

Elops hawaiiensis

Megalops atlanticus

Ophichthus rex

Echiophis punctifer

Hiodon alosoides

Albula vulpes

Salmo trutta

Oncorhynchus kisutch

Cyprinus carpio

Ictalurus punctatus

Clupea harengus

Fundulus heteroclitus

Amia calva

Lepisosteus osseus

Polyodon spathula

Sebastolobus altivelis

Rhinobatos lentiginosus

Echinorhinus cookei

Squalus acanthias

Notorynchus cepedianus

Branchiostoma floridae

Halocynthia roretzi

Styela plicata

Herdmania momus

Oikopleura dioica

Doliolum nationalis

Thalia democratica

Pyrosoma atlanticum

Ciona intestinalis

Saccoglossus kowalevskii

Balanoglossus carnosus

Dicyema acuticephalum

Dicyema orientale

Sagitta elegans

Sagitta crassa

Paraspadella gotoi

Phascolosoma granulatum

Prostoma eilhardi

Haplogonaria syltensis

Atriofonta polyvacuola

Actinoposthia beklemischevi

Aphanastoma virescens

Convoluta pulchra

Anaperus tvaerminnensis

Symsagittifera psammophila

Convoluta roscoffensis

Convoluta naikaiensis

Anaperus biaculeatus

Paedomecynostomum bruneum

Postmecynostomum pictum

Childia groenlandica

Philomecynostomum lapillum

Simplicomorpha gigantorhabditis

Paratomella rubra

Dugesia subtentaculata

Dugesia ryukyuensis

Girardia tigrina

Microplana scharfii

Caenoplana caerulea

Australoplana sanguinea

Arthiopostia triangulata

Dugesia japonica

Dugesia iberica

Dugesia mediterranea

Dugesia polychroa

Cura pinguis

Neppia montana

Microplana nana

Bipalium
 kewense

Platydemus m
anokwari

Artioposthia triangulata

Dendrocoelopsis lactea

Crenobia alpina

Polycelis nigra

Phagocata ullala

Ectoplana limuli

Bipalium
 trilineatum

Heronim
us m

ollis

Prosorhynchoides gracilescens

Stephanostomum
 baccatum

Zalophotrem
a hepaticum

Nasitrem
a globicephalae

Tetracerasta blepta

Fasciola gigantica

Dicrocoelium
 dendriticum

Fasciola hepatica

Fasciolopsis buski

Echinostom
a caproni

Opisthorchis viverrini

Calicophoron calicophorum

Schistosom
a japonicum

Schistosom
a m

ansoni

Schistosom
a spindale

Schistosom
a haem

atobium

M
ulticotyle purvisi

Lobatostom
a m

anteri

Zeuxapta seriolae

Plectanocotyle gurnardi

Diclidophora denticulata

Kuhnia scom
bri

Bivagina pagrosom
i

Neom
icrocotyle pacifica

Pseudohexabothrium
 taeniurae

Neopolystom
a spratti

Polystom
oides m

alayi

Grillotia erinaceus

Abothrium
 gadi

Bothriocephalus scorpii

Proteocephalus exiguus

Gyrocotyle urna

Dictyocotyle coeliaca

Calicotyle affinis

Troglocephalus rhinobatidis

Leptocotyle m
inor

Pseudom
urraytrem

a ardens

G
yrodactylus salaris

Udonella caligorum

Encotyllabe chironem
i

Bothrom
esostom

a personatum

Plagiostom
um

 cinctum

Plagiostom
um

 striatum

Plicastom
a cuticulata

Vorticeros ijim
ai

Plagiostom
um

 vittatum

Plagiostom
um

 ochroleucum

Pseudostom
um

 klosterm
anni

Pseudostom
um

 quadrioculatum

Cylindrostom
a fingalianum

Cylindrostom
a gracilis

Pseudostom
um

 gracilis

Ulianinia m
ollissim

a

Reisingeria hexaoculata

Urastom
a cyprinae

Archiloa rivularis

Nem
ertinoides elongatus

Planocera m
ultitentaculata

Notoplana koreana

Notoplana australis

Discocelis tigrina

Pseudoceros tritriatus

Thysanozoon brocchii

G
eocentrophora sphyrocephala

G
eocentrophora baltica

M
icrostom

um
 lineare

M
acrostom

um
 tuba

Stenostom
um

 leucops aquariorum

Stenostom
um

 leucops

Eubostrichus parasitiferus

Eubostrichus topiarius

Eubostrichus dianae
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Why Mouse-like, Morphologically Indistinguishable Birds are 
Ideal Models to Study Montane Diversification

• Probably the most speciose genus of 
Neotropical birds (c. 40 - and counting)

• All species occur on montane areas

• Widespread in all major montane systems in 
the Neotropics N to Costa Rica (except 
tepuis)

• Nearly flightless:

•  Expected to closely track history of their 
preferred habitats 

• Allows timing diversification events based 
on biogeographic events



Rethinking Morphological Conservativeness:
Molecules and Internal Anatomy Reveal Scytalopus is not Monophyletic

G. N. Maurício, H. Mata, M. R. Bornschein, C. D. Cadena, H. Alvarenga, S. L. Bonatto 

Merulaxis

Myornis

Eugralla

All Andean Scytalopus

S. speluncae

S. iraiensis

S. novacapitalis

S. pachecoi

S. diamantinensis

S. indigoticus
S. psychopompus
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Molecules and Internal Anatomy Reveal Scytalopus is not Monophyletic
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8.65 - 5.07  
m.a. 

0.89 - 0.31 
m.a. 

Temporal Calibration and Uncertainty in Node Age Estimates



-7 -6 -5 -4 -3 -2 -1 0

0
.0

0
.5

1
.0

1
.5

Time (millions of years before present)

N
u

m
b

e
r 

o
f 

L
in

e
a

g
e

s
 (

lo
g

)

0.7



-7 -6 -5 -4 -3 -2 -1 0

0
.0

0
.5

1
.0

1
.5

Time (millions of years before present)

N
u

m
b

e
r 

o
f 

L
in

e
a

g
e

s
 (

lo
g

)

0.7

ϒ =  - 5.958
P <  0.0001

Declining 
Diversification Rate 
Through Time

                       log          Δ
likelihood  AIC

DDL              46.24        0
DDE              41.78      8.92
Pure Birth      24.91     40.67

Analyses follow Rabosky & Lovette (2008)
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A Continental (non)Adaptive Radiation ?

Lake Tanganyika Cichlids
0.75-1.49 s * My-1     

 Baldwin & Sanderson (1998) McCune (1997)

Scytalopus Tapaculos
0.5 s * My-1

Hawaiian Silverswords
0.56 s * My-1    
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Net diversification rate: 
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Distribution of Rhinocryptid Diversity and Clade Age
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Conclusions

• High montane diversity explained by high rates of diversification, 
particularly in the Northern Andes

• No evidence for “time for speciation effect” - diversity is highest in 
recently colonized areas

• Period of rapid lineage accumulation coincides with Andean uplift

• No evidence for speciation along elevational gradients. Vicariance 
coupled with low dispersal abilities promotes allopatric differentiation.

• Declining diversification rate through time suggests density-dependent 
processes (ecological opportunity) controls lineage production

• High Northern Andean diversity augmented by colonization events from 
southern lineages
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0.04

AY304318_H_ leucos tic ta_ ECUesmeraldas

06EC149_H.LEUCOPH_CE

H_ leucoptera_ B39857_PERloreto

H_ leucophrys _ anach_AMR017_COLsnsm

H_ leucophrys _ JTW484_PANchiriqui

H_ leucophrys _ IAvH2193_COLamalfi

H_ leucophrys _118264_ Loja_ Ecu

H_ leucophrys _ JK04681_MEXpuebla

AY304300_Cyphorhinus _ aradus_CTR00N3310

H_ leucos tic ta_ B48436_GUYkopinang

H_ leucophrys _ IAvH1656_COLaranzazu

H_ leucos tic ta_123033_pas taza_ Ecu

H_ leucos tic ta_ JK04134_PANveraguas

H_ leucophrys _394269_MXguerrero

DB2427_H.LEUCOPH_SF

AY304309_H_ leucophrys _ ECUmoronasant

H_ leucophrys _ B33166_PERcajamarca

H_ leucos tita_ B28784_PANcolon

H_ leucophrys _ IAvH14149_COLbojaca

H_ leucophrys _ IAvH5351_COLpiedecues ta

H_ leucophrys _VEN_Trujillo_ JM094

H_ leucos tic ta_ BTS07321_MEXverac ruz

H_ leucophrys _AMC739_COLangelopolis

H_ leucos tic ta_343274_MXverac ruz
H_ leucophrys _ JK04707_MEXpuebla

H_ leucophrys _ JK02066_GUAquetzaltenango

H_ leucophrys _ anach_CDC081_COLsnsm

H_ leucophrys _ B19813_COScartago

06EC155_H.LEUCOPH_NC

H_ leucos tic ta_ jmd138_PANveraguas

H_ leucophrys _DHB4469_GUAquetzaltenango

AY304311_H_ leucophrys _ ECUnapo

H_ leucos tic ta_MCZ335389_CRguanacas te

H_ leucos tic ta_ BTS07430_MEXverac ruz

DB11_H.LEUCOPH_CO

H_ leucos tic ta_343276_MEXverac ruz

H_ leucophrys _ IAvH2151_COLamalfi

AY304336_H_ leucos tic ta_ ECUnapo

AY304332_H_ leucos tic ta_ ECUmoronasant

H_ leucophrys _ JK07179_MEXoaxaca

H_ leucophrys _hilaris _ 18456_ ECUmanabi

H_ leucos tic ta_GAV1394_HONcopan

H_ leucophrys _ B27303_COSsanjose

H_ leucophrys _VEN_Merida_07N0443

H_ leucophrys _ B43894_PERsanmartin

DB2430_H.LEUCOPH_SF

H_ leucoptera_ B43848_PERsanmartin

H_ leucophrys _ IAvH4516_COLs rcabal

H_ leucos tic ta_ IAvH1682_COLneiracaldas

AY304302_H_ leucophrys _ ECUpichincha

H_ leucophrys _ IAvH1244_COLhuilasuaza

H_ leucos tic ta_ B2097_PANdarien

AY304334_H_ leucos tic ta_ BELcayo

H_ leucophrys _GMS1435_MEXpuebla

H_ leucophrys _GMS1436_MEXpuebla

H_ leucophrys _ B16049_COSheredia

02N0113_H.LEUCOPH_BV

H_ leucophrys _VEN_Aragua_ JM070

H_ leucos tic ta_ B28632_PANpanama

H_ leucophrys _393980_MEXjalis co

AY304299_H_ leucophrys _ ECUpichincha

H_ leucophrys _GMS1449_MEXpuebla

H_ leucophrys _bangs i_CDC079_COLsnsm

H_ leucoptera_ B43932_PERsanmartin

06EC156_H.LEUCOPH_NC

H_ leucos tic ta_ IAvH2388_COLyotoco

H_ leucos tic ta_ IAvH778_ s jfraguacaq

C_ rufinuchaGMS924

H_ leucos tic ta_135859_Napo_ Ecu

H_ leucos tic ta_ JK04157_PANveraguas

H_ leucos tic ta_ BTS07300_MEXverac ruz

H_ leucos tic ta_MEX_Tabasco_CAM389

H_ leucophrys _ B19885_COSsanjose

H_ leucophrys _brun_ ICN34018_COLtambito

AY304312_H_ leucophrys _ ECUnapo

AY304335_H_ leucos tic ta_ PANbocas

H_ leucophrys _346796_MXoaxaca

AY304298_H_ leucophrys _ ECUpichincha

H_ leucos tic tahauxwelli_ 181756_ ECUmorona

H_ leucophrys _ IAvH30_COLtama

02N0105_H.LEUCOPH_BV

H_ leucophrys _394268_MXguerrero

H_ leucophrys _VEN_Yaracuy_ JP465

H_ leucophrys _ B12151_ ECUpichincha

AY304308_H_ leucophrys _ ECUzamorchinc

DB69_H.LEUCOPH_CO

H_ leucos tic ta_ML_1079_Bolivar_Ven

H_ leucophrys _ IAvH13944_COLfusagasuga

H_ leucophrys _137828_Pichincha_ Ecu

H_ leucos tic ta_ IAvH1081_COLsolanocaq

H_ leucophrys _GAV2353_GUAquetzaltenango

H_ leucos tic ta_MEX_Tabasco_CAM375

H_ leucophrys _VEN_ Lara_07N0353

H_ leucophrys _430046_PERcuzco

H_ leucophrys _ IAvH14031_COLsanagus tin

AY304331_H_ leucos tic ta_ ECUloreto

H_ leucophrys _393982_MEXjalis co

H_negreti_Unic auca_COL_ charguayaco

AY304319_H_ leucos tic ta_ ECUesmeraldas

01N8056_H.LEUCOPH_MI

H_ leucophrys _ ECU_Amazonas_124349

H_ leucophrys _ IAvH32_COLtama

H_ leucos tic ta_DAB1212_NIC

H_ leucophrys _ JTW506_PANchiriqui

01N8694_H.LEUCOPH_CH

06EC153_H.LEUCOPH_EL
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Abstract. Novel methods allow making inferences about the processes involved in the coexistence of species and community assembly using hypotheses of phylogenetic relationships and character evolution.  The first approach to determine
which processes lead to observed patterns is establishing the phylogenetic structure of communities, which can be composed by species that are more (clustered) or less (overdispersed) related than expected by chance.  We used
information on Typical Antbird (Thamnophilidae) assemblages obtained from the literature and a molecular phylogeny to test the hypothesis that competitive interactions are more important in the assembly of communities at a local scale
and habitat filtering increases in importance with increasing geographical scale.  Assuming ecological traits are phylogenetically conserved, this hypothesis predicts that local communities should be overdispersed as a result of competitive
exclusion among close relatives and regional assemblages show exhibit phylogenetic clustering as a consequence of filtering of ecological conserved traits.  Using two metrics of phylogenetic structure, we found that communities do not
follow our prediction because local assemblages tend to be clustered or exhibit no phylogenetic signal and regional assemblages tend to show overdispersion. This may suggest that ecological traits are labile enough among close relatives to
allow their coexistence; such lability also apparently extends to characters allowing occurrence in particular environments, which explains coexistence of distant relatives at regional scales. Ongoing studies on trait evolution will allow us to
understand how might ecological differentiation allow close relatives to coexist locally and understand why regional assemblages are composed by distantly related species.

Introduction
Competitive interactions among species are thought to structure communities predominantly at local scales, due
to low habitat heterogeneity and thus few opportunities for niche partitioning (1).  In contrast, at large spatial
scales, habitat heterogeneity allows ecologically similar species to coexist without competing strongly, and
coexistence is mediated mostly by habitat filtering, such that only species with similar ecological tolerances can co-
occur in particular environments (2).

Because the degree of phylogenetic relatedness among members of a community (i.e. the phylogenetic structure
of  the community; Fig. 1) is influenced by species’ interactions and by the interactions between species and
habitat characteristics, !hypotheses of phylogenetic relationships allow making inferences about the role played by
the processes of interspecific competition and habitat filtering in community assembly (3). Accordingly, assuming
that ecological traits are evolutionarily conserved, theory predicts that local communities should show
phylogenetic overdispersion as a result of competitive exclusion of close relatives, whereas communities at larger
scales should show increased phylogenetic clustering.

Discussion

In contrast to our prediction based on the expectation that close relatives would exclude each other through
competition, our results indicate that highly specialized and local assemblages such as understory mixed flocks
include taxa that are more closely related than expected by a null model. Coexistence of close relatives at such
scale may be facilitated if ecological traits can diverge over short evolutionary time periods, minimizing the
possibility of competition. Indeed, earlier studies have shown that characters such as body mass, plumage, and
song characteristics are highly labile in the typical antbirds (17,18). In addition, preliminary analyses we conducted
for this project show that closely allied species that co-occur in understory mixed flocks at Cocha Cashu differ
significanty in body mass and in acoustic properties of their songs; such differences, which may partly be an
evolutionary outcome of species’ interactions (i.e. character displacement or reinforcement; 18), may allow close
relatives to coexist. In contrast, phylogenetic clustering may be a result of the existence of few evolutionary origins
of flocking and other specialized foraging tactics (e.g. army ant-following, 14) among antbirds.

At the 100-ha plot scale, the signal of phylogenetic structure was not consistent across plots, and, surprisingly, some
plots in close geographic proximity showed contrasting patterns of relatedness among species. At this scale, the
effects of competition and habitat filtering on community assembly may mask each other, resulting in an overall
lack of significant phylogenetic structure (19). Ongoing analyses of trait evolution may help us better understand
the contrasting patterns observed on different 100 ha plots.

At the regional scale, we expected to observe phylogenetic clustering, assuming niche conservatism and a
prominent role for habitat filtering. This was supported only by the NRI, which indicates that at this scale,
assemblages include representatives of all major lineages within the Thamnophilidae. In contrast, according to the
NTI, assemblages at this scale show overdispersion. This pattern is expected to arise when ecological traits are
convergent and habitat filtering is a major force in community assembly (4), which again implies that our
assumption of niche conservatism in antbirds might not have been met. Analyses of the evolution of traits allowing
species to exist in particular environments (e.g. temperature tolerance) will help us clarify our findings.

Results

At the scale of understory mixed flocks, antbird assemblages consistently show phylogenetic clustering (Fig 3).
In contrast, canopy mixed flocks are phylogenetically overdispersed according to the NRI, but do not exhibit
significant phylogenetic structure according to the NTI (Fig. 3).

At the 100 ha plot scale, some assemblages appear to be phylogenetically clustered and others appear
overdispersed. Overall, considering plots as replicates, this results in no significant phylogenetic signal for
assemblages at this scale (Fig 3).

At the regional scale, the two indices of phylogenetic structure reveal different patterns; based on the NTI,
antbird assemblages are significantly overdispersed, but according to the NRI they are significantly clustered
(Fig 3).

Figure 2.  Map of the Neotropics showing the location of sites used to evaluate the phylogenetic structure of
antbird assemblages. Black dots and their labels correspond to sites used to evaluate assemblages at the
mixed-flock and 100-ha-plot scales.  The grids indicate sectors in a GIS distributional database (12) used to
obtain species lists for several Amazonian ecoregions (13), which are shown in different colors.
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Figure 3. Indices of phylogenetic community structure and their 95% confidence interbals (NRI in black and NTI
in blue) for each of the geographic scales evaluated, suggesting phylogenetic clustering at the understory
mixed flocks level (left), essentially random assembly at the 100 ha plot level (center), and phylogenetic
overdispersion according to the NTI and clustering according to the NRI at the ecoregion scale (right).

Figure 1. Communities can be phylogenetically clustered, consisting of species that are more closely related than
expected by chance (left), or overdispersed, consisting of distantly related species (right). Figure adapted from ref. 4.

Study System, Hypothesis, and Predictions
Typical antbirds (Thamnophilidae) are an extremely diverse component of Neotropical forest avifaunas, but the
understanding of the processes underlying patterns of diversity and coexistence is limited. The high diversity, wide
distribution, and reasonably well-resolved phylogenetic relationships of typical antbirds, make them an ideal system
to test hypotheses of community assembly in a phylogenetic context.

We hypothesize that interspecific competition should play a prominent role structuring antbird assemblages at local
scales because at such scales niche specialization is less likely, causing species with similar traits to exclude each
other. At larger scales, we expect that competitive exclusion will be less likely, and that assemblages will consist of
species sharing traits that allow them to coexist under particular environmental conditions. Assuming that
ecological niches are conserved, our hypothesis predicts that at fine scales, antbird assemblages will consist of
species that are less related than expected by chance (phylogenetic overdispersion). At larger scales,
assemblages will consist of closely related species sharing traits that allow them to inhabit particular environments
(phylogenetic clustering).

Methods
Assemblages

We studied the phylogenetic structure of antbird assemblages in different areas of the Neotropics (Fig. 2) at three
contrasting spatial scales: mixed species flocks, 100-ha plots, and ecoregions within Amazonia.

At the mixed flock scale, we included data on five understory flocks from Manaus, Brazil (TEAM project), and 25
understory and seven canopy flocks from Cocha Cashu Biological Station, Peru (5). At the 100-ha plot scale, we
included information from three plots located in Amazonian Ecuador (6,7), one in SE Peru (8), eight in Central
Amazonian Brazil (six near Manaus (TEAM Project), and two in the Tapajós(9)), one in Nourages, French Guiana (10),
one in Panama (11), and four near La Selva Biological Station, Costa Rica (TEAM Project). Finally, we considered
assemblages at the ecoregion scale based on distributional data for 31 ecoregions located within the Amazonian
portion of the tropical and subtropical moist broadleaf forests biome (12,13).

Phylogeny Reconstruction

We supplemented an existing molecular phylogeny of the Thamnophilidae (14-15) with DNA sequences of
three mitocondrial genes for additional species provided by R.T. Brumfield et al., and reconstructed
phylogenetic relationships among 150 of the 217 species in the family using maximum-likelihood methods.

Indices of Phylogenetic Structure

Following methods proposed by Webb and coworkers (16), we calculated two indices based on genetic
distances to describe the phylogenetic structure of each antbird assemblage and compared such indices
to those obtained for randomly created assemblages based on regional species pools. The nearest taxon
index (NTI) indicates the phylogenetic signal of assemblages at the tip of the phylogeny, and the net
relatedness index (NRI) reflects the phylogenetic relatednes of members to an assemblage at the basal
branches of the phylogenetic tree.
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Abstract. Novel methods allow making inferences about the processes involved in the coexistence of species and community assembly using hypotheses of phylogenetic relationships and character evolution.  The first approach to determine
which processes lead to observed patterns is establishing the phylogenetic structure of communities, which can be composed by species that are more (clustered) or less (overdispersed) related than expected by chance.  We used
information on Typical Antbird (Thamnophilidae) assemblages obtained from the literature and a molecular phylogeny to test the hypothesis that competitive interactions are more important in the assembly of communities at a local scale
and habitat filtering increases in importance with increasing geographical scale.  Assuming ecological traits are phylogenetically conserved, this hypothesis predicts that local communities should be overdispersed as a result of competitive
exclusion among close relatives and regional assemblages show exhibit phylogenetic clustering as a consequence of filtering of ecological conserved traits.  Using two metrics of phylogenetic structure, we found that communities do not
follow our prediction because local assemblages tend to be clustered or exhibit no phylogenetic signal and regional assemblages tend to show overdispersion. This may suggest that ecological traits are labile enough among close relatives to
allow their coexistence; such lability also apparently extends to characters allowing occurrence in particular environments, which explains coexistence of distant relatives at regional scales. Ongoing studies on trait evolution will allow us to
understand how might ecological differentiation allow close relatives to coexist locally and understand why regional assemblages are composed by distantly related species.

Introduction
Competitive interactions among species are thought to structure communities predominantly at local scales, due
to low habitat heterogeneity and thus few opportunities for niche partitioning (1).  In contrast, at large spatial
scales, habitat heterogeneity allows ecologically similar species to coexist without competing strongly, and
coexistence is mediated mostly by habitat filtering, such that only species with similar ecological tolerances can co-
occur in particular environments (2).

Because the degree of phylogenetic relatedness among members of a community (i.e. the phylogenetic structure
of  the community; Fig. 1) is influenced by species’ interactions and by the interactions between species and
habitat characteristics, !hypotheses of phylogenetic relationships allow making inferences about the role played by
the processes of interspecific competition and habitat filtering in community assembly (3). Accordingly, assuming
that ecological traits are evolutionarily conserved, theory predicts that local communities should show
phylogenetic overdispersion as a result of competitive exclusion of close relatives, whereas communities at larger
scales should show increased phylogenetic clustering.

Discussion

In contrast to our prediction based on the expectation that close relatives would exclude each other through
competition, our results indicate that highly specialized and local assemblages such as understory mixed flocks
include taxa that are more closely related than expected by a null model. Coexistence of close relatives at such
scale may be facilitated if ecological traits can diverge over short evolutionary time periods, minimizing the
possibility of competition. Indeed, earlier studies have shown that characters such as body mass, plumage, and
song characteristics are highly labile in the typical antbirds (17,18). In addition, preliminary analyses we conducted
for this project show that closely allied species that co-occur in understory mixed flocks at Cocha Cashu differ
significanty in body mass and in acoustic properties of their songs; such differences, which may partly be an
evolutionary outcome of species’ interactions (i.e. character displacement or reinforcement; 18), may allow close
relatives to coexist. In contrast, phylogenetic clustering may be a result of the existence of few evolutionary origins
of flocking and other specialized foraging tactics (e.g. army ant-following, 14) among antbirds.

At the 100-ha plot scale, the signal of phylogenetic structure was not consistent across plots, and, surprisingly, some
plots in close geographic proximity showed contrasting patterns of relatedness among species. At this scale, the
effects of competition and habitat filtering on community assembly may mask each other, resulting in an overall
lack of significant phylogenetic structure (19). Ongoing analyses of trait evolution may help us better understand
the contrasting patterns observed on different 100 ha plots.

At the regional scale, we expected to observe phylogenetic clustering, assuming niche conservatism and a
prominent role for habitat filtering. This was supported only by the NRI, which indicates that at this scale,
assemblages include representatives of all major lineages within the Thamnophilidae. In contrast, according to the
NTI, assemblages at this scale show overdispersion. This pattern is expected to arise when ecological traits are
convergent and habitat filtering is a major force in community assembly (4), which again implies that our
assumption of niche conservatism in antbirds might not have been met. Analyses of the evolution of traits allowing
species to exist in particular environments (e.g. temperature tolerance) will help us clarify our findings.

Results

At the scale of understory mixed flocks, antbird assemblages consistently show phylogenetic clustering (Fig 3).
In contrast, canopy mixed flocks are phylogenetically overdispersed according to the NRI, but do not exhibit
significant phylogenetic structure according to the NTI (Fig. 3).

At the 100 ha plot scale, some assemblages appear to be phylogenetically clustered and others appear
overdispersed. Overall, considering plots as replicates, this results in no significant phylogenetic signal for
assemblages at this scale (Fig 3).

At the regional scale, the two indices of phylogenetic structure reveal different patterns; based on the NTI,
antbird assemblages are significantly overdispersed, but according to the NRI they are significantly clustered
(Fig 3).

Figure 2.  Map of the Neotropics showing the location of sites used to evaluate the phylogenetic structure of
antbird assemblages. Black dots and their labels correspond to sites used to evaluate assemblages at the
mixed-flock and 100-ha-plot scales.  The grids indicate sectors in a GIS distributional database (12) used to
obtain species lists for several Amazonian ecoregions (13), which are shown in different colors.
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Figure 3. Indices of phylogenetic community structure and their 95% confidence interbals (NRI in black and NTI
in blue) for each of the geographic scales evaluated, suggesting phylogenetic clustering at the understory
mixed flocks level (left), essentially random assembly at the 100 ha plot level (center), and phylogenetic
overdispersion according to the NTI and clustering according to the NRI at the ecoregion scale (right).

Figure 1. Communities can be phylogenetically clustered, consisting of species that are more closely related than
expected by chance (left), or overdispersed, consisting of distantly related species (right). Figure adapted from ref. 4.

Study System, Hypothesis, and Predictions
Typical antbirds (Thamnophilidae) are an extremely diverse component of Neotropical forest avifaunas, but the
understanding of the processes underlying patterns of diversity and coexistence is limited. The high diversity, wide
distribution, and reasonably well-resolved phylogenetic relationships of typical antbirds, make them an ideal system
to test hypotheses of community assembly in a phylogenetic context.

We hypothesize that interspecific competition should play a prominent role structuring antbird assemblages at local
scales because at such scales niche specialization is less likely, causing species with similar traits to exclude each
other. At larger scales, we expect that competitive exclusion will be less likely, and that assemblages will consist of
species sharing traits that allow them to coexist under particular environmental conditions. Assuming that
ecological niches are conserved, our hypothesis predicts that at fine scales, antbird assemblages will consist of
species that are less related than expected by chance (phylogenetic overdispersion). At larger scales,
assemblages will consist of closely related species sharing traits that allow them to inhabit particular environments
(phylogenetic clustering).

Methods
Assemblages

We studied the phylogenetic structure of antbird assemblages in different areas of the Neotropics (Fig. 2) at three
contrasting spatial scales: mixed species flocks, 100-ha plots, and ecoregions within Amazonia.

At the mixed flock scale, we included data on five understory flocks from Manaus, Brazil (TEAM project), and 25
understory and seven canopy flocks from Cocha Cashu Biological Station, Peru (5). At the 100-ha plot scale, we
included information from three plots located in Amazonian Ecuador (6,7), one in SE Peru (8), eight in Central
Amazonian Brazil (six near Manaus (TEAM Project), and two in the Tapajós(9)), one in Nourages, French Guiana (10),
one in Panama (11), and four near La Selva Biological Station, Costa Rica (TEAM Project). Finally, we considered
assemblages at the ecoregion scale based on distributional data for 31 ecoregions located within the Amazonian
portion of the tropical and subtropical moist broadleaf forests biome (12,13).

Phylogeny Reconstruction

We supplemented an existing molecular phylogeny of the Thamnophilidae (14-15) with DNA sequences of
three mitocondrial genes for additional species provided by R.T. Brumfield et al., and reconstructed
phylogenetic relationships among 150 of the 217 species in the family using maximum-likelihood methods.

Indices of Phylogenetic Structure

Following methods proposed by Webb and coworkers (16), we calculated two indices based on genetic
distances to describe the phylogenetic structure of each antbird assemblage and compared such indices
to those obtained for randomly created assemblages based on regional species pools. The nearest taxon
index (NTI) indicates the phylogenetic signal of assemblages at the tip of the phylogeny, and the net
relatedness index (NRI) reflects the phylogenetic relatednes of members to an assemblage at the basal
branches of the phylogenetic tree.

Phylogenetic Structure of Typical Antbird (Thamnophilidae) Assemblages

Juan Pablo Gómez1, Carlos Daniel Cadena1, Gustavo A. Bravo2
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N = 31

Datos obtenidos del espectrofotómetro de intensidad 
relativa (B, G, Y, R) de las cinco partes del cuerpo 
analizadas 

N = 
31

100%

100%

78%

N = 31

Thryothorus nicefori is Phenotypically and Vocally Distinct



Thryothorus nicefori is Genetically Distinct



Thryothorus nicefori is nested within T. rufalbus

0.03
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mem
bra

Can
did

a r
alu

ne
ns

is

Can
did

a s
an

tam
aria

e v
ar 

san
tam

Can
did

a b
ee

ch
ii

Can
did

a z
eyl

an
oid

es

Can
did

a s
op

hia
e r

eg
ina

e

Can
did

a q
ue

rcit
rus

a

Candida natalensis

Can
did

a fr
ag

i

Candida psyc
hrophila

Candida glucosophila

Candida xe
sto

bii

Candida fu
kuyamaensis

Can
did

a fe
rm

en
tica

ren
s

Pich
ia guillie

rm
ondii

Debaryo
myce

s h
ansenii v

ar h
ans

Debaryo
myce

s h
ansenii va

r fa
br

Taphrina farlow
ii

Yamadazym
a guillie

rm
ondii

Pich
ia farin

osa

Debaryo
myce

s u
denii

Debaryo
myce

s c
aste

llii

Debaryo
myce

s h
ansenii

Candida so
jae

Candida tro
pica

lis

Candida albica
ns

Candida dublin
iensis

Candida maltosa

Candida vis
wanathii

Candida lodderae

Candida parapsilo
sis

Lodderomyce
s e

longisp
orus

Candida sh
ehatae va

r in
secto

sa

Candida sh
ehatae va

r lig
nosa

Candida sh
ehatae va

r sh
ehatae

Candida palmioleophila

Candida flu
via

tilis

Candida sa
itoana

Candida pseudoglaebosa

Candida glaebosa

Candida insecta
mans

Candida lyx
osophila

Candida kru
isii

Candida tanzaw
aensis

Candida sa
ke

Candida austro
marina

Candida co
ipomoensis

Candida ergaste
nsis

Pich
ia angusta

Willio
psis

 sa
lico

rniae

Endomyce
s fi

buliger

Sacch
aromyco

psis 
fibuligera

Sacch
aromyco

psis 
capsularis

Kluyve
romyce

s n
onfermentati

Kluyve
romyce

s a
estu

arii

Kluyve
romyce

s m
arxia

nus

Kluyve
romyce

s la
ctis

Kluyve
romyce

s d
obzhanskii

Kluyve
romyce

s w
icke

rhamii

Holleya sin
ecauda

Zygosacch
aromyce

s m
ellis

Zygosacch
aromyce

s ro
uxii

Zygosacch
aromyce

s b
isporus

Zygosacch
aromyce

s le
ntus

Zygosacch
aromyce

s b
ailii

Arxio
zym

a telluris

Sacch
aromyce

s d
airensis

Sacch
aromyce

s se
rva

zzii

Sacch
aromyce

s u
nisporus

Sacch
aromyce

s tr
ansva

alensis

Zygosacch
aromyce

s m
rakii

Torulaspora globosa

Torulaspora delbrueckii

Torulaspora pretoriensis

Zygosacch
aromyce

s m
icro

ellipsoide

Candida colliculosa

Kazachstania viticola

Kluyve
romyce

s blattae

Kluyveromyces phaffii

Zygosacch
aromyce

s flo
rentinus

Candida glabrata

Kluyveromyces delphensis

Sacch
aromyce

s pastorianus

Saccharomyces cerevisiae

Sacch
aromyce

s ce
revisi

ae 2

Sacch
aromyce

s bayanus

Sacch
aromyce

s paradoxus

Kluyveromyces polysporus

Kluyveromyces yarrowii

Kluyveromyces lodderae

Saccharomyces rosinii

Kluyveromyces africanus

Sacch
aromyce

s sp
encerorum

Saccharomyces exiguus

Saccharomyces barnettii

Saccharomyces castellii

Zygosacch
aromyce

s fe
rmentati

Saccharomyces kluyveri

Kluyveromyces thermotolerans

Kluyveromyces waltii

Saccharomycodes ludwigii

Hanseniaspora uvarum

Williopsis pratensis

Willio
psis californica

Starmera amethionina var pachy

Starmera amethionina var ameth

Starmera caribaea

Pichia anomala

Williopsis saturnus

Williopsis saturnus var mrakii

Williopsis mucosa

Pachysolen tannophilus

Candida chilensis

Candida cylindracea

Candida savonica

Candida mesenterica

Candida suecica

Phaffomyces antillensis

Phaffomyces opuntiae

Phaffomyces thermotolerans

Yarrowia lipolytica
Candida rugosa

Candida catenulata

Candida pseudointermedia

Candida intermedia

Candida akabanensis

Candida oregonensis

Candida haemulonii

Candida tsuchiyae

Clavispora lusitaniae

Candida melibiosica
Candida torresii

Metschnikowia bicuspidata
Candida agrestis

Metschnikowia reukaufii

Metschnikowia pulcherrima
Candida mogii

Brettanomyces bruxellensis

Dekkera bruxellensis
Dekkera anomala

Brettanomyces anomalus

Dekkera custersiana

Dekkera naardenensis

Candida insectalens
Candida silvatica

Issatchenkia orientalis

Pichia membranaefaciens

Candida spandovensis
Candida apicola
Candida bombi

Starmerella bombicola

Candida geochares
Candida vaccinii

Endomyces geotrichum

Galactomyces geotrichum
Dipodascus albidus

Candida chiropterorum
Candida valdiviana
Candida drimydis

Waltomyces lipofer

Dipodascopsis uninucleata

Protomyces macrosporus

Protomyces pachydermus
Protomyces inouyei

Protomyces lactucae
Taphrina virginica
Taphrina carnea

Taphrina pruni subcordatae
Taphrina mirabilisTaphrina nana

Taphrina pruni
Taphrina ulmi

Taphrina communis
Taphrina flavorubra
Taphrina populina

Taphrina deformans
Taphrina wiesneri

Taphrina robinsoniana
Taphrina letifera

Neolecta vitellina
Neolecta irregularis

Saitoella complicata

Schizosaccharomyces pombe

Schizosaccharomyces japonicus
Pneumocystis carinii

Calicium tricolor
Taphrina maculans

Taphrina californica
Chytridium confervae

Neocallimastix frontalis
Neocallimastix joyonii
Piromonas communis

Spizellomyces acuminatus

Allomyces macrogynus

Blastocladiella emersonii
Chrysops niger

Drosophila melanogaster
Ceratitis capitata
Ornithoica vicina

Nephrotoma altissima
Lutzomyia shannoni

Aedes albopictusAedes aegyptiAedes punctor

Toxorhynchites ambionensis
Culex tritaeniorhynchus

Anopheles psuedopunctipennis
Anopheles albimanus

Eucorethra underwoodiDixella cornuta
Culicoides variipennis

Amblabesmia rhamphe
Simulium vittatumXenos vesparumStylops melittae

Mengenilla chobauti
Galleria mellonella

Archaeopsylla erinacei
Panorpa germanica

Anisochrysa carneaOliarces clara
Monolobus ovalipennis

Antarctonomus complanatusLoricera foveata
Loricera pilicornis pilicornis

Amarotypus edwardsi
Bembidion mexicanum

Bembidion levettei carrianumAsaphidion curtumDiplous californicusPatrobus longicornisPericompsus laetulusDiplochaetus planatusZolus helmsi
Merizodus angusticollisSloaneana tasmaniaeBatesiana hilarisSchizogenius falliClivina ferreaDyschirius sphaericollisMelisodera picipennisMecyclothorax vulcansAmblytelus curtusApotomus rufithoraxBroscosoma relictumCreobius eydouxiGalerita lecontei leconteiPseudaptinus rufulusAptinus displosorPterostichus melanariusTetragonoderus latipennisDiscoderus cordicollisChlaenius ruficaudaCalybe laetulaAmara apricariaAgonum extensicolleCymindis punctigeraLoxandrus n sp nr amplithoraCnemalobus sulciferusCatapiesis brasiliensisMorion aridusBrachinus armigerBrachinus hirsutusPheropsophus aequinoctialisPasimachus atronitensScarites subterraneusCarenum interruptumSiagona europaeaSiagona jennisoniClinidium calcaratumOmoglymmius hamatusOmus californicusCicindela sedecimpunctataMetrius contractusPachyteles striolaCymbionotum semelederiCymbionotum pictulumGehringia olympicaPromecognathus crassusLaccocenus ambiguusOmophron obliteratum

Psydrus piceusCeroglossus chilensisPamborus gueriniiCalosoma scrutatorCarabus nemoralisScaphinotus petersi catalinae
Cychrus italicusOpisthius richardsoniLeistus ferruginosusNebria hudsonicaNotiophilus semiopacusTrachypachus gibbsiiTrachypachus holmbergiSystolosoma lateritiumElaphrus californicus

Elaphrus clairvilleiBlethisa multipunctata aurata
Mecodema fulgidum

Oregus aereus
Suphis inflatusCopelatus chevrolati renovatusHydroscapha natans

Xanthopyga cacti
Dynastes granti
Tenebrio molitor

Meloe proscarabaeus
Clambus arnetti

Phaeostigma notata
Leptothorax acervorum

Polistes dominulus
Graphosoma lineatum
Raphigaster nebulosa

Lygus hesperus
Hemiowoodwardia wilsoni

Hackeriella veitchi
Spissistilus festinus
Prokelisia marginata
Philaenus spumarius
Okanagana utahensis

Trioza eugeniae
Pealius kelloggii

Acyrthosiphon pisum
Aonidiella aurantii

Batrachideidae gen sp
Carausius morosus
Acheta domesticus
Mesoperlina pecircai

Aeschna cyanea
Lepisma saccharina

Lepidocyrtus paradoxus
Crossodonthina koreana

Hypogastrura dolsana
Podura aquatica

Theatops erythrocephala
Scolopendra cingulata

Cryptops trisulcatus

Craterostigmus tasmanianus
Lithobius variegatus

Scutigera coleoptrata

Pseudohimantarium mediterraneum
Clinopodes poseidonis
Cylindroiulus punctatus
Polydesmus coriaceus

Rhipicephalus appendiculatus

Hyalomma lusitanicum

Hyalomma rufipes
Hyalomma dromedarii

Rhipicephalus sanguineus
Boophilus microplus

Rhipicephalus zambeziensis

Rhipicephalus bursa

Boophilus annulatus

Rhipicephalus pusillus

Dermacentor andersoni

Dermacentor marginatus

Amblyomma triguttatum triguttat

Amblyomma vikirri

Aponomma fimbriatum

Aponomma latum

Amblyomma variegatum

Amblyomma tuberculatum

Amblyomma americanum

Amblyomma maculatum

Haemaphysalis inermis

Haemaphysalis punctata

Haemaphysalis leporispalustris

Haemaphysalis humerosa

Haemaphysalis petrogalis

Haemaphysalis leachi

Aponomma undatum

Aponomma concolor

Ixodes auritulus
Ixodes ricinus

Ixodes affinis

Ixodes pilosus

Ixodes cookei

Ixodes simplex simplex

Ixodes kopsteini

Ixodes holocyclus

Carios puertoricensis

Ornithodoros moubata

Ornithodoros coriaceus

Otobius megnini

Argas lahorensis

Argas persicus

Megisthanus floridanus

Cosmolaelaps trifidus

Hypochthonius rufulus

Lohmannia banksi

Nothrus sylvestris

Xenillus tegeocranus

Euzetes globulosus

Allonothrus russeolus

Archegozetes longisetosus

Trhypochthonius tectorum

Nehypochthonius porosus

Steganacarus magnus

Gehypochthonius urticinus

Chortoglyphus arcuatus

Acarus siro

Eusimonia wunderlichi

Androctonus australis

Liphistius bicoloripes

Eurypelma californica

Odiellus troguloides

Pseudocellus pearsei

Limulus polyphemus

Callipallene gen sp

Berndtia purpurea

Trypetesa lampas

Octolasmis lowei

Paralepas palinuri

Lepas anatifera

Balanus eburneus

Chelonibia patula

Tetraclita stalactifera

Chthamalus fragilis

Verruca spengleri

Ibla cumingi

Calantica villosa

Loxothylacus texanus

Dendrogaster asterinae

Ulophysema oeresundense

Palaemonetes kadiakensis

Helice tridens

Philyra pisum

Callinectes sapidus

Pugettia quadridens

Raninoides louisianensis

Procambarus leonensis

Astacus astacus

Nephrops norvegicus

Panulirus argus

Oedignathus inermis

Penaeus aztecus

Stenopus hispidus

Artemia salina

Branchinecta packardi

Daphnia pulex

Bosmina longirostris

Daphnia galeata

Stenocypris major

Argulus nobilis

Porocephalus crotali

Milnesium tardigradum

Macrobiotus hufelandi

Thulinia stephaniae

Echiniscus viridissimus

Euperipatoides leuckarti

Priapulus caudatus

Pycnophyes kielensis

Helix aspersa

Balea biplicata

Limicolaria kambeul

Laevicaulis alte

Onchidella celtica

Siphonaria algesirae

Anthosiphonaria sirius

Lymnaea glabra

Stagnicola palustris

Lymnaea stagnalis

Radix peregra

Lymnaea auricularia

Fossaria truncatula

Bakerilymnaea cubensis

Biomphalaria glabrata

Littorina obtusata

Littorina littorea

Fasciolaria lignaria

Nassarius singuinjorensis

Pisania striata

Reishia bronni

Thais clavigera

Rapana venosa

Bursa rana

Monodonta labio

Antalis vulgaris

Scutopus ventrolineatus

Arctica islandica

Mercenaria mercenaria

Spisula subtruncata

Mulinia lateralis

Spisula solida

Spisula solidissima

Tresus nuttali

Tresus capax

Mactromeris polynyma

Hippopus hippopus

Hippopus porcellanus

Tridacna squamosa

Tridacna crocea

Tridacna maxima

Tridacna derasa

Tridacna gigas

Vasticardium flavum

Fulvia mutica

Fragum unedo

Fragum fragum

Corculum cardissa

Galeomma takii

Ostrea edulis

Crassostrea virginica

Nerita albicilla

Mytilus edulis

Mytilus trossulus

Mytilus galloprovincialis

Mytilus californianus

Geukensia demissa

Mimachlamys varia

Chlamys hastata

Crassadoma gigantea

Pecten maximus

Argopecten gibbus

Argopecten irradians

Placopecten magellanicus

Chlamys islandica

Atrina pectinata

Arca noae

Barbatia virescens

Acanthopleura japonica

Lepidochitona corrugata

Lepidozona coreanica

Eohemithyris grayii

Platidia anomioides

Stenosarina crosnieri

Gryphus vitreus

Thecidellina blochmanii

Cancellothyris hedleyi

Terebratulina retusa

Liothyrella neozelanica

Liothyrella uva

Gwynia capsula

Calloria inconspicua

Gyrothyris mawsoni

Neothyris parva

Terebratalia transversa

Macandrevia cranium

Fallax neocaledonensis

Laqueus californianus

Megerlia truncata

Terebratella sanguinea

Notosaria nigricans

Hemithyris psittaceae

Neocrania anomala

Neocrania huttoni

Discina striata

Glottidia pyramidata

Lingula lingua

Lingula anatina

Phoronis architecta

Phoronis psammophila

Phoronis vancouverensis

Alboglossiphonia heteroclita

Hirudo medicinalis

Haemopis sanguisuga

Barbronia weberi

Eisenia fetida

Lumbricus rubellus

Dero digitata

Xironogiton victoriensis

Sathodrilus attenuatus

Nereis virens

Aphrodita aculeata

Nereis limbata

Capitella capitata

Harmothoe impar

Sabella pavonina

Magelona mirabilis

Scoloplos armiger

Polydora ciliata

Pygospio elegans

Lanice conchilega

Nephtys hombergii

Glycera americana

Dodecaceria concharum

Chaetopterus variopedatus

Siboglinum fiordicum

Ridgeia piscesae

Ochetostoma erythrogrammon

Pedicellina cernua

Barentsia hildegardae

Barentsia benedeni

Symbion pandora

Plumatella repens

Alcyonidium gelatinosum

Porania pulvillus

Asterias amurensis

Astropecten irregularis

Stomopneustes variolaris

Mespilia globulus

Temnopleurus hardwickii

Salmacis sphaeroides

Tripneustes gratilla

Ophiopholis aculeta

Strongylocentrotus intermedius

Colobocentrotus atratus

Echinus esculentus

Sphaerechinus granularis

Psammechinus miliaris

Diadema setosum

Centrostephanus coronatus

Eucidaris tribuloides

Fellaster zelandiae

Cassidulus mitis

Echinodiscus bisperforatus

Encope aberrans

Echinocardium cordatum

Brissopsis lyrifera

Meoma ventricosa

Arbacia lixula

Asthenosoma owstoni

Psychropotes longicauda

Cucumaria sykion

Lipotrapeza vestiens

Stichopus japonicus

Ophiocanops fugiens

Amphipholis squamata

Strongylocentrotus purpuratus

Ophiomyxa brevirima

Ophioplocus japonicus

Astrobrachion constrictum

Antedon serrata

Endoxocrinus parrae

Eptatretus stouti

Myxine glutinosa atlantic hagfis

Petromyzon marinus

Lampetra aepyptera

Plethodon yonhalossee

Amphiuma tridactylum

Siren intermedia

Ambystoma mexicanum

Eleutherodactylus cuneatus

Hyla cinerea

Bufo valliceps

Nesomantis thomasseti

Gastrophryne carolinensis

Xenopus laevis

Scaphiopus holbrooki

Discoglossus pictus

Grandisonia alternans

Hypogeophis rostratus

Ichthyophis bannanicus

Typhlonectes natans

Homo sapiens

Mus musculus

Rattus norvegicus

Oryctolagus cuniculus

Alligator mississippiensis

Turdus migratorius

Gallus gallus

Heterodon platyrhinos

Sceloporus undulatus

Sphenodon punctatus

Pseudemys scripta

Latimeria chalumnae

Elops hawaiiensis

Megalops atlanticus

Ophichthus rex

Echiophis punctifer

Hiodon alosoides

Albula vulpes

Salmo trutta

Oncorhynchus kisutch

Cyprinus carpio

Ictalurus punctatus

Clupea harengus

Fundulus heteroclitus

Amia calva

Lepisosteus osseus

Polyodon spathula

Sebastolobus altivelis

Rhinobatos lentiginosus

Echinorhinus cookei

Squalus acanthias

Notorynchus cepedianus

Branchiostoma floridae

Halocynthia roretzi

Styela plicata

Herdmania momus

Oikopleura dioica

Doliolum nationalis

Thalia democratica

Pyrosoma atlanticum

Ciona intestinalis

Saccoglossus kowalevskii

Balanoglossus carnosus

Dicyema acuticephalum

Dicyema orientale

Sagitta elegans

Sagitta crassa

Paraspadella gotoi

Phascolosoma granulatum

Prostoma eilhardi

Haplogonaria syltensis

Atriofonta polyvacuola

Actinoposthia beklemischevi

Aphanastoma virescens

Convoluta pulchra

Anaperus tvaerminnensis

Symsagittifera psammophila

Convoluta roscoffensis

Convoluta naikaiensis

Anaperus biaculeatus

Paedomecynostomum bruneum

Postmecynostomum pictum

Childia groenlandica

Philomecynostomum lapillum

Simplicomorpha gigantorhabditis

Paratomella rubra

Dugesia subtentaculata

Dugesia ryukyuensis

Girardia tigrina

Microplana scharfii

Caenoplana caerulea

Australoplana sanguinea

Arthiopostia triangulata

Dugesia japonica

Dugesia iberica

Dugesia mediterranea

Dugesia polychroa

Cura pinguis

Neppia montana

Microplana nana

Bipalium
 kewense

Platydemus m
anokwari

Artioposthia triangulata

Dendrocoelopsis lactea

Crenobia alpina

Polycelis nigra

Phagocata ullala

Ectoplana limuli

Bipalium
 trilineatum

Heronim
us m

ollis

Prosorhynchoides gracilescens

Stephanostomum
 baccatum

Zalophotrem
a hepaticum

Nasitrem
a globicephalae

Tetracerasta blepta

Fasciola gigantica

Dicrocoelium
 dendriticum

Fasciola hepatica

Fasciolopsis buski

Echinostom
a caproni

Opisthorchis viverrini

Calicophoron calicophorum

Schistosom
a japonicum

Schistosom
a m

ansoni

Schistosom
a spindale

Schistosom
a haem

atobium

M
ulticotyle purvisi

Lobatostom
a m

anteri

Zeuxapta seriolae

Plectanocotyle gurnardi

Diclidophora denticulata

Kuhnia scom
bri

Bivagina pagrosom
i

Neom
icrocotyle pacifica

Pseudohexabothrium
 taeniurae

Neopolystom
a spratti

Polystom
oides m

alayi

Grillotia erinaceus

Abothrium
 gadi

Bothriocephalus scorpii

Proteocephalus exiguus

Gyrocotyle urna

Dictyocotyle coeliaca

Calicotyle affinis

Troglocephalus rhinobatidis

Leptocotyle m
inor

Pseudom
urraytrem

a ardens

G
yrodactylus salaris

Udonella caligorum

Encotyllabe chironem
i

Bothrom
esostom

a personatum

Plagiostom
um

 cinctum

Plagiostom
um

 striatum

Plicastom
a cuticulata

Vorticeros ijim
ai

Plagiostom
um

 vittatum

Plagiostom
um

 ochroleucum

Pseudostom
um

 klosterm
anni

Pseudostom
um

 quadrioculatum

Cylindrostom
a fingalianum

Cylindrostom
a gracilis

Pseudostom
um

 gracilis

Ulianinia m
ollissim

a

Reisingeria hexaoculata

Urastom
a cyprinae

Archiloa rivularis

Nem
ertinoides elongatus

Planocera m
ultitentaculata

Notoplana koreana

Notoplana australis

Discocelis tigrina

Pseudoceros tritriatus

Thysanozoon brocchii

G
eocentrophora sphyrocephala

G
eocentrophora baltica

M
icrostom

um
 lineare

M
acrostom

um
 tuba

Stenostom
um

 leucops aquariorum

Stenostom
um

 leucops

Eubostrichus parasitiferus

Eubostrichus topiarius

Eubostrichus dianae

Chrom
adoropsis vivipara

Desm
odora ovigera

Laxus oneistus

Laxus cosm
opolitus

Stilbonem
a m

ajum

Robbea hyperm
nestra

Acanthopharynx m
icans

Plectus aquatilis

Plectus acum
inatus

Cruznem
a tripartitum

R
habditella axei

Pellioditis typica

R
habditis blum

i

R
habditis m

yriophila

Haem
onchus placei

H
aem

onchus sim
ilis

Haem
onchus contortus

Nem
atodirus battus

O
stertagia ostertagi

N
ippostrongylus brasiliensis

Syngam
us trachea

Heterorhabditis bacteriophora

Caenorhabditis briggsae

Caenorhabditis elegans

C
aenorhabditis vulgaris

Pelodera strongyloides

Panagrellus redivivus

Teratorhabditis palm
arum

Aduncospiculum
 halicti

Pristionchus lheritieri

D
iplogaster lethieri

Strongyloides stercoralis

Strongyloides ratti

Steinernem
a carpocapsae

Zeldia punctata

C
ephalobus oryzae

M
eloidogyne arenaria

G
lobodera pallida

Aphelenchus avenae

Pseudoterranova decipiens

Terranova caballeroi

Toxocara canis

C
ontracaecum

 m
ultipapillatum

Baylisascaris transfuga
Ascaris suum

Parascaris equorum

Ascaris lum
bricoides

Baylisascaris procyonis

Toxascaris leonina

Porrocaecum
 depressum

G
oezia pelagia

Iheringascaris inquies

H
ysterothylacium

 pelagicum

H
ysterothylacium

 fortalezae

H
ysterothylacium

 reliquens

H
eterocheilus tunicatus

C
ruzia am

ericana
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